
Char act eri za t ion a nd M odel ing o f  t he 
Int erf ace/ Int erp hase o f  P ol ymeri c M at eri al s 

and S yst ems C onsor t ium
Project 3 – Milestone 4:

Development of new nanoscale techniques using Confocal Raman, NSOM, NLO,
and SIMS to evaluate changes in chemical composition in interphase regions.

Obj ect ive L ens
New Capabili ti es i n L aser 

Scanning Conf ocal
Raman M icro scopy

Conf ocal Raman M icr oscopy
• Diffr act ion−l imit ed s pat ial  r esol ut ion 

Lat era l  ~  λ/2 NA 
 C onf ocal col l ecti on redu ces  ̀ out− of −
 fo cus’ Raman s ignal  ⇒ dept h p r of ili ng
• Chemica l  co mpositi on i nf or mat ion f r om

vibr at ional spect ra
• St r uct ur al  i nf or mat ion f r om vibr at ional

spect r a ( cr yst al l inity ,or ient at ion,st r ain)



Conf ocal Raman H yper spect r al Imaging:
3−D C hemica l  a nd O r ienta ti on M apping
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Conf ocal Raman M icro scopy: D ept h R esolu t ion

Si Phonon Band 
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Figur es f r om K .J. Bal dwin et  a l  i n Handbook of  Raman 
Spectr oscopy, Ed s. I . R . Lewis a nd H.G.M. E dward s

Confocal Z-Scan
Si Phonon Band 

Depth of Focus ~ 8.5 µm

Focus Displacement (µm) 
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Raman Z −Scans
Raman s pectr a of Si phonon b and a t  5 20 
cm−1 reco rded a s b eam f ocus i s sc anned 
thr ough Si/a ir i nt erf ace.  F WHM o f  z−
scan f unct ion i s a  measure o f conf ocal
para met er ( col l ect ion d ept h). 



Conf ocal Raman M icro scopy o f  P ol yol efi n B l ends:
Sampl es DIC Opt ica l  

micro scopy i mages
100X, 0. 75 N A

PEH: et hyl ene/ hexene

[-CH2-CH2-]x[-CH2-CH1-]1-x
CH2
CH2
CH2
CH3

-
-

-
-

Mw=113 k  g / mol
x =  0 .98

ρbr anch: 9/ 1000 C

PEB:PEH 
50:50

130°C/ 3 h

PEB: et hyl ene/ but ene

[-CH2-CH2-]x[-CH2-CH1-]1-x
CH2
CH3

-
-

Mw=70 k  g / mol
x =  0 .86
ρbr anch : 77/ 1000 C

PEB:PEH 
50:50

130°C/ 21 h

Scal e b ar  ~  10 µm



Conf ocal Raman M icro scopy o f  P ol yol efi n B l ends:
Spect r a

Raman Shift (cm-1)
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Spect r al  A ssignment s
 B and  Raman S hift
 (c m−1)

 νas(C −C) 1064

 νs(C −C) 1080

 νs(C −C) 1131

 νr (C H2) 1170

 νt (C H2) 1297

 νt (C H2) 1303

 νw(C H2) 1370

 δ(C H2) 1418

 δ(C H2) 1440

 δ(C H2) 1460
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Assignment s c ompile d i n C . Fagnano et  a l , 
Pol ymer , 42, 58 71 ( 2001). 



Conf ocal Raman M icro scopy o f Semicr yst alli ne 
Pol yol ef ins: C r yst alli ne a nd A mor phous P hases

Spect r al  A ssignment s
 Ph ase  Raman S hift
 (c m−1)

 C +  A T 1064

 A 1080

 C +  A T 1131

 C +  A 1170

 C 1297

 A 1303

 C +  A 1370

 C 1418

 AT 1440

 A 1460

C − Cr yst alli ne, A − Amor phous, T − tr ans
Assignment s c ompile d i n C . Fagnano et  a l , 
Pol ymer , 42, 58 71 ( 2001). 

Raman Shift (cm-1)
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• Band a ssignment s co nt ro vers ial  −
all− tr ans chains i n a mor phous p hase

• Quant ita ti ve e val uati on of  
cry st al l ine co nt ent  i s pr oble mat ic 

• Rel at ive c hanges ( spat ial  v ar iat ion) 
is r obust



Conf ocal Raman M icro scopy o f Semicr yst alli ne 
Pol yol ef ins: Cr yst alli nit y Mapping

10 µm
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10 µm

32 x  32  g r id
1024 s pect r a

Spacing − 312.5 n m

Cryst al l init y Map P r ocedure

1.) F it  ea ch s pect ra  f or q uant ity  

I1418/( I1297 + I1303)

2.) ( I1297 + I1303) − Int ern al  s t andard

Sum i s c onst ant  f r om mel t  t o

pure cry st al l ine p hase 

3.) G ener at e s pat ial  maps 



Conf ocal Raman M icro scopy o f Semicr yst alli ne 
Pol yol ef ins: Cr yst alli nit y Mapping

<I1418/( I1297 + I1303)> =  0.35<I1418/( I1297 + I1303)> =  0.21
3H 21H

• Pol yol ef in b l end s ample  a menable  t o s t udy w ith conf ocal  r aman micro scopy
• Signal  l evel s rea sonabl e − f l uor escence l arg el y a bsent
• Quant ita ti ve a ssessment  o f  c r yst al l ine co nt ent  p r obl emat ic −

st udy o f  sp at ial  v ar iat ions ro bust  − shed l ight on  a ssignment s?
• Int eres t ing reg ions to l ook f or  i dent ifi abl e s pat ial  v ar iat ions in cry st al l inity ?
• Dept h pr of ili ng ?  


	Confocal Raman Hyperspectral Imaging:3-D Chemical and Orientation Mapping

